Background: To compare the efficacy and toxicity of irinotecan-based chemotherapy (IBC) and non-irinotecan-based chemotherapy (NIBC) as first-line treatment for stage IIIB/IV non-small cell lung cancer (NSCLC). Methods: PubMed, EMBASE, the Cochrane Central Register of Controlled Trials (CENTRAL), abstracts from the annual meetings of ASCO and the ESMO up to 2014 were searched for randomized controlled trials (RCTs) that compared IBC with NIBC. Data on overall survival (OS) and progression-free survival (PFS) were meta-analyzed to provide hazard ratios (HRs), while data on overall response rate (ORR) and frequencies of toxicity were meta-analyzed to provide relative risk ratios (RR). Results: Seven RCTs (6 RCTs from Asian population and 1 from non-Asian population) involving 1473 patients with previously untreated stage IIIB/IV NSCLC were included in the meta-analysis. IBC and NIBC were associated with similar ORR (RR: 1.08, 95 %CI: 0.94 to 1.23, p = 0.30), OS (HR: 0.97, 95 %CI: 0.88 to 1.07, p = 0.56), and PFS (HR: 1.02, 95 %CI: 0.97 to 1.08, p = 0.38). However, the subgroups between Asian and non-Asian patients differed significantly in OS (HR: 0.94 vs 1.87, p = 0.007). There was no significant difference for hematological toxicity (RR: 0.79, 95 %CI: 0.60 to 1.04, p = 0.09) and significant worse for non-hematological toxicity (RR: 2.28, 95 %CI: 1.60 to3.24, p < 0.001), when IBC compared to NIBC.
Background
Lung cancer is the leading cause of cancer-related deaths worldwide, and approximately 80 % of patients with lung cancer are non-small cell lung cancer (NSCLC). Twothirds of patients with NSCLC are diagnosed when they are already in stage IIIB or IV [1] [2] [3] . Traditionally, chemotherapy is the first choice for the treatment of this status. Currently, however, the mutation status of the epidermal growth factor receptor (EGFR) and the arrangement status of anaplastic lymph kinase (ALK) are independent pathologic types in NSCLC. EGFR tyrosine kinase inhibitors (EGFR-TKIs) and ALK inhibitors show promise for treating these types and are recommended as the first choice by National Comprehensive Cancer Network (NCCN). However, the rate of EGFR positive mutation is about 20 % and ALK arrangement rate is only about 5-7 % [4] . Therefore chemotherapy is still recommended as the 1st-line treatment for stage IV NSCLC patients without EGFR mutation, ALK fusion gene arrangement or unknown for these gene mutation statuses in the NCCN guideline. Guidelines of NCCN recommend first-line treatment with platinum-doublet chemotherapy, which include paclitaxel, docetaxel, gemcitabine, etoposide, vinblastine, vinorebine, pemetrexed, and albuminbound paclitaxel [5] .
Chemotherapy based on the topoisomerase I inhibitor irinotecan may provide another option for first-line treatment of advanced NSCLC. Irinotecan-based chemotherapy (IBC) has already been shown to be effective against colorectal cancer (CRC), lung cancer, gastric cancer and gynecologic neoplasms [6] [7] [8] [9] . NCCN guidelines recommend IBC as first-line treatment of metastatic CRC and extensive-stage small-cell lung cancer (SCLC). Several studies, primarily in Asian patients, suggest that IBC and non-irinotecan-based chemotherapy (NIBC) lead to similar clinical benefit and different toxicity profiles when used to treat stage IIIB or IV NSCLC. However, NCCN guidelines do not currently recommend IBC as first-line therapy for NSCLC.
Therefore we performed a systematic review and meta-analysis of randomized controlled trials comparing IBC and NIBC in patients with stage IIIB or IV NSCLC. The goal was to assess the current evidence on the efficacy and safety of IBC in a relatively large cohort in order to help clinicians identify whether IBC is appropriate as first-line chemotherapy regimen.
Methods

Search strategy
We searched PubMed, EMBASE and the Cochrane Central Register of Controlled Trials (CENTRAL) up to April 2014 without any limitations on publication year or language. The search terms "non-small cell lung cancer", "NSCLC", "irinotecan", and "CPT-11"were used. Abstracts published at the annual meetings of the American Society of Clinical Oncology and the European Society for Medical Oncology from 2000 onwards was also searched. Reference lists in original articles and review articles were manually searched to identify additional relevant trials.
Study selection
Studies were included if they (1) involved patients previously untreated with chemotherapy, locally advanced (stage IIIB) or metastatic (stage IV) NSCLC; (2) were randomized controlled trials (RCTs) with an IBC arm and NIBC arm; (3) were published in full as original articles or as abstracts with sufficient detail, as long as the first author of the study was able to confirm the full results.
Data extraction
All data were extracted independently by two investigators (XQY and CYL) using a standardized form. Extracted data included first author, publication year, patient enrollment period, ethnicity, median age, total number of patients, number of patients eligible for response evaluation, performance status, chemotherapy regimens, hazard ratios (HRs) for progression-free survival (PFS) and overall survival (OS) and the associated 95 % confidence intervals (CIs), rates of treatment-related deaths and rates of grade 3-4 toxicity effects, such as anemia, neutropenia, thrombocytopenia, nausea/vomiting, diarrhea, and treatmentrelated death. Disagreements were resolved by discussion with a third author (MFX).
If HR was not directly reported, the log HR and variance were estimated using the method of Tierney et al. [10] . The HRs of OS and PFS were extracted directly from the text, calculated from the reported number of events and the corresponding log-rank p value, or read off the survival curves.
Study quality assessment
We assessed the methodological quality of the studies using the modified Jadad score [11] , which evaluates whether the trial responds adequately to the following four questions: (1) whether an appropriate randomization method is reported (0-2 points); (2) whether randomization concealment is reported (0-2 points); (3) whether an appropriate blinding method is reported (0-2 points); and (4) whether withdrawals and dropouts are reported (0-1 points).
Statistical analysis
All meta-analyses were performed using Review Manager 5.2 (Cochrane Collaboration) except publication bias was calculated using STATA SE 12.1 package (StataCorp, College Station, TX); other statistical tests were performed using SPSS for Windows 13.0 (IBM, Chicago, IL). PFS and OS for IBC and NIBC patients were compared using HRs, while dichotomous data for the two treatment groups were compared using risk ratios (RRs). The comparisons were carried out such that RR >1 indicated higher overall response or toxicity in the IBC group, and HR >1 indicated more deaths or progression in the IBC group. RR, OS and PFS were also performed further subgroup analyses between Asian and non-Asian patients. Statistical heterogeneity among trials was assessed using the chisquared test and expressed using the I 2 index [12] . Normally the fixed-effects model was used and weighted according to the Mantel-Haenszel method. When pooled data showed considerable heterogeneity (p < 0.1 or I 2 > 50 %), a random-effects meta-analysis model was used. All p values were two-sided, with p < 0.05 defined as the threshold of statistical significance.
Results
Trial flow for meta-analysis
Database searches turned up 1981 potentially eligible publications, of which 312 were excluded as doublet report and 1652 were excluded based on title and abstract review. Of the remaining 17 publications, 6 were excluded because they were RCTs that employed IBC and NIBC as second-line chemotherapy or combined with radiation, four were excluded as single agent in either group or both groups involved irinotecan. In the end, six full papers and one abstract involving 1473 patients with stage IIIB/IV NSCLC were included [13] [14] [15] [16] [17] [18] [19] (PRISMA flowchart see Fig. 1 ).
Characteristics of included studies
We identified seven RCTs meeting the inclusion criteria: three Phase III RCTs [13, 15, 18] , Four Phase II RCTs (Table 1 and Additional file 1) [14, 16, 17, 19] . Four trials involved patient cohorts in Japan [13] [14] [15] 18] , and one trial each was from China [17] and South Korea [16] . Only one trial was from a non-Asian population, namely North Americans [19] .
In total, 590 patients with stage IIIB/IV NSCLC were randomized to receive IBC, and 883 patients to receive NIBC. The IBC regimen was irinotecan and platinum in five trials [13, [15] [16] [17] [18] and irinotecan and docetaxel [14] or gemcitabine [19] in the remaining trials. None of the patients had been treated prior to trial enrollment, with the exception of six (7.7 %) patients (two in IBC and four in NIBC group) in the study of Rocha Lima et al. [19] ; these six patients had recurrent/progressive disease after surgery and/or radiation therapy with no chemotherapy previously.
The trial by Takiguchi et al. [18] did not report the baseline characteristics of the two arms in its abstract, although the authors did report that patients were wellbalanced with regard to age, sex, stage, and performance status (PS).
The quality of the seven trials was assessed using the modified Jadad score ( Table 1 ). The full score was seven points. As none of the trials was double-blinded, no trials received the highest possible score. I Irinotecan, P cisplatin, V vindesine, G gemcitabine, N navelbine, D docetaxel, T paclitaxel, C carboplatin, NR not reported, Ad. adenocarcinoma * This is mean data, not median data.
Overall response rate
All seven trials in the meta-analysis reported overall response rate (ORR). Meta analysis showed that IBC group had the similar ORR compared with NIBC group (RR: 1.08, 95 %CI: 0.94-1.23, p = 0.30; Fig. 2 ). This metaanalysis was performed using the fixed-effects model since the pooled results showed no significant heterogeneity (χ 2 = 9.94, p = 0.27; I 2 = 20 %). Among the seven trials, one trial reported that IBC was associated with a significantly higher ORR than NIBC (p = 0.041) [16] , while another trial reported a tendency towards higher response rate for IBC (p = 0.053) [13] , and the remaining trials on Asian cohorts reported similar response rates for the two treatments [14, 15, 17, 18] , However, the one trial on a nonAsian population reported a tendency towards lower response rate for IBC (IBC vs NIBC: 12.8 % vs 23.1 %, p = 0.238) [19] . Thus we performed separate meta-analyses for Asian and non-Asian populations. The results showed that the nonAsian population had a tendency towards lower RR value compared to Asian population (RR: 0.56 vs 1.09, p = 0.19).
Overall survival
The meta-analysis from six trials involving Asian patients reported similar OS for IBC and NIBC (HR: 0.94, 95 %CI: 0.85 to 1.04, p = 0.25; Fig. 3 ) [13] [14] [15] [16] [17] [18] . However, results for the non-Asian patients showed that IBC had shorter OS than NIBC (HR: 1.87, 95 %CI: 1.15 to 3.04, p = 0.01; Fig. 3 ) [19] . These two subgroups differed significantly in OS (χ 2 = 7.33, p = 0.007; I 2 = 86.4 %). Overall meta-analysis of all seven trials showed similar results (HR: 0.97, 95 %CI 0.88 to 1.07, p = 0.56; Fig. 3 ).
Progression-free survival
Four trials involving 934 patients provided sufficient data to extract HRs for PFS [14] [15] [16] 19] . The pooled HR from four trials showed similar PFS for IBC and NIBC (HR 1.02, 95 %CI 0.97 to 1.08, p = 0.38; Fig. 4) . The two subgroups did not show significant differences in PFS (χ 2 = 0.04, p = 0.85; I 2 = 0 %). Another two trials reported that PFS was similar for IBC and NIBC, but they did not report survival curves or log rank p-value, preventing us from including them in the meta-analysis [13, 17] .
Adverse events Hematological toxicity
Five trials reported data on grade 3-4 hematological toxic effects, such as thrombocytopenia and anemia [14] [15] [16] [17] 19] , while all trials reported data on grade 4 Pooled data for neutropenia and thrombocytopenia showed significant heterogeneity, probably because of the diverse treatment regimes used in the various trials. Therefore we used a random-effects model to perform these meta-analyses. 
Non-hematological toxicity
All seven trials reported data on grade 3-4 diarrhea. Only one trial did not report data on grade 3-4 nausea/vomiting [18] , while another trial did not report data on treatment-related deaths [19] . Meta-analysis showed that IBC was associated with a higher risk of grade 3-4 diarrhea than NIBC (RR: 3.62, 95 %CI: 2.39 to 5.46, p < 0.001), as well as higher risk of nausea/vomiting (RR: 1.65, 95 Fig. 6 Comparison of non-hematological adverse events between irinotecan-based chemotherapy and non-irinotecan-based chemotherapy as first-line treatment in patients with stage IIIB/IV NSCLC %CI: 1.08 to2.53, p = 0.02; Fig. 6 ). In contrast, the two treatments showed similar rates of treatment-related deaths (RR: 1.75, 95 %CI: 0.52 to 5.87, p = 0.36; Fig. 6 ). The overall effect of non-hematological toxicity for IBC is worse than that of NIBC (RR: 2.25, 95 %CI: 1.60 to 3.17, p < 0.001; Fig. 6 ). Pooled data for diarrhea and treatmentrelated deaths showed no significant heterogeneity, but pooled data for nausea/vomiting did. Therefore all these meta-analyses were carried out using a random-effects model.
Publication bias
We created a funnel plot of the included study data to assess the risk of publication bias. The plot showed no apparent bias (Egger's test: p = 0.177) (Fig. 7) .
Discussion
The results of this meta-analysis showed that the two types of chemotherapy were associated with similar overall treatment response rate and OS in NSCLC patients with stage IIIB or IV. Also, these two regimens have similar PFS, however, which may not be very convincing as the PFS data of this study is only from three Asian trials and one non-Asian trial. There was no significant difference for hematological toxicity (RR: 0.79, 95 %CI: 0.60 to 1.04, p = 0.09) and significant worse for non-hematological toxicity (RR: 2.28, 95 %CI: 1.60 to3.24, p < 0.001), when IBC compared to NIBC. As chemotherapy is recommended as the 1st-line treatment in the patients with stage IV NSCLC without EGFR mutation, ALK fusion gene arrangement or unknown for these gene mutation statuses in NCCN guideline, we recommend that IBC be considered a 1st-line treatment for NSCLC patients with stage IIIB or IV, especially for the patients without above mutation or gene arrangement. However, the non-hematological toxicity of IBC must be considered. As irinotecan-induced toxicity, including neutropenia and diarrhea, is associated with a single-nucleotide polymorphism (SNP) in the UTG1A1 gene [20] and such that genetic testing for this SNP was approved in 2005 by the US Food and Drug Administration (FDA) as a screening method to identify patients at higher risk of adverse events with IBC, testing for this SNP may help guide proper choice of first-line chemotherapy against NSCLC.
This meta-analysis included 6 Asian trials and only 1 non-Asian trial. The meta-analysis result for OS differed significantly between non-Asians and Asians (HR: 1.87 vs 0.94, p = 0.007), and for ORR had a tendency towards lower RR value when non-Asians compared to Asian population (RR: 0.56 vs 1.09, p = 0.19). However, one non-Asian trial with a small sample study may come to a detrimental result for irinotecan in a non-Asian population, which raise the question of whether our metaanalysis results are applicable to non-Asians and whether different ethnicity had different response to IBC. Largescale clinical trials of IBC and NIBC to treat SCLC suggest that Asians and non-Asians can respond quite differently to chemotherapy. Whereas a clinical trial in Japanese patients (JCOG 9511) [21] reported better OS with irinotecan combined with platinum than with etoposide combined with platinum (12.8 vs 9.4mo., p = 0.002), a similar trial in North Americans (SWOG 0124) [7] reported similar OS for the two treatments (9.9 vs 9.1mo., p = 0.71). Moreover, efficacy of IBC to treat CRC differed significantly between Caucasians and African-American patients in a North American study (ORR: 41 % vs 28 %; p = 0.008) [22] . These evidences suggested that the ethnic bias may exist in the clinical response to IBC. However, this finding should be confirmed in larger cohorts of Asians and nonAsians with NSCLC, and it should inspire similar metaanalyses in cohorts with CRC or SCLC.
To further examine whether efficacy of IBC depends on patient ethnicity in an even larger cohort, we reviewed the literature for clinical trials of IBC to treat Asian and nonAsian patients with NSCLC, primarily in stage IIIB or IV. The search strategy and data extraction are consistent with the method used in the meta-analysis of this study. The selected criteria were as follows: (1) NSCLC patients with previously untreated with chemotherapy; (2) treated with irinotecan-based doublet regimen; (3) prospective clinical trials Phase II and III. We identified 33 Phase II and III clinical trials published from 1990 to 2014 (see Fig. 8 and Table 2 ). Even applying less strict inclusion criteria than those we used for the present metaanalysis, we found that 23 of the 33 trials involved Asian patients, while only 10 involved non-Asian patients. This ethnic imbalance was especially true among the 12 trials published after 2007, only one of which involved nonAsian patients. Since OS seemed substantially longer in trials published after 2007 than in trials before that year (14.5 vs 10.7mo. t = −4.518, p = 0.001), perhaps reflecting advances in targeted therapy, we excluded the 12 trials published after 2007. We performed statistical analysis on the remaining 21 trials, including 12 trials that involved 705 Asian patients [13, 14, 18, [23] [24] [25] [26] [27] [28] [29] [30] [31] and nine trials that involved 384 non-Asian patients, primarily Caucasians [19, [32] [33] [34] [35] [36] [37] [38] [39] . Statistical Pearson Chi-Square or t-tests showed significantly higher ORR and a tendency toward longer OS in Asian patients than in non-Asian patients (ORR: 37.7 % vs 24.7 %, χ 2 = 18,93, p < 0.001; OS: 11.2 vs 10.1mo., t = 2.036, p = 0.058). PFS, in contrast, was similar between the two populations (median 4.1 vs 4.7mo., t = −0.753, p = 0.467), probably as the data from Asian patients is too small and only five Asian trials reported the PFS data. Although these results did not come exclusively from RCTs or other controlled trials, their consistency with our meta-analysis suggests that IBC is Then what causes efficacy difference in populations? Actually, except that the clinical response to IBC is dependent on the ethnic in NSCLC, the clinical response to other drugs in NSCLC is also different with different population. For example, it has been proved that bevacizumab in combination with chemotherapy can improve clinical outcomes in patients with advanced or recurrent NSCLC. However, compared with global data from SAiL study (ORR 50.7 %, median TTP 7.8mo., median OS 14.6mo.) [40] , Asian patients, especially Chinese population, with advanced non-squamous NSCLC seemed to have an advantage over other ethnicities on overall survival after receiving bevacizumab-based first-line treatment (ORR 68.9 %, median TTP 8.8mo., median OS 18.5mo.) [41] . Also, as the rate of EGFR positive mutation is more than 30 % in Asian patients and less than 10 % in Caucasians [4] , EGFR-TKI treating NSCLC had higher response in Asian patients than in Caucasians. Then we suspected that different genotype may account for the different clinical response to IBC in different populations. As we know, the SNP of UGT1A1 gene is the hotspot of research at present. Frequencies of these variants depend on ethnicity, with UGT1A1*28 being found more commonly in Caucasians and a higher frequency of UGT1A1*6 being found among Asians [42, 43] , both of which were associated with irinotecan-induced severe neutropenia and diarrhea. A study from Korean patients with NSCLC administered irinotecan found that the SNP type of UGT1A1*6 related to the response rate and survival [44] . Thus further study must be investigated into the relationship of SNP of UGT1A1 gene or other genes with the response on NSCLC in different populations.
Our meta-analysis aggregated patients with various histological types of advanced NSCLC, but there is evidence to suggest that irinotecan efficacy may depend on histological type. In one meta-analysis, nedaplatin + irinotecan was more active against squamous cell carcinoma than against non-squamous cell carcinoma, based on overall response rate (51.9 vs 35.1 %, p = 0.115) and OS (14.5 vs 9.1mo., p = 0.127) [45] . Future studies should examine how IBC efficacy varies with histological type of NSCLC, preferably in different ethnicities. We suggest that, regardless of the outcomes of these studies, IBC may be particularly appropriate for treating squamous cell lung carcinoma, given the scarcity of targeted therapies for this carcinoma and a median survival of only 8-10 months, overall response rates of 25 %-35 % with platinum-based therapy [46] . However, clinicians should be aware that the risk of grade 3-4 vomiting and diarrhea is higher with IBC than NIBC, based on our meta-analysis.
Conclusions
In summary, we have found that the efficacy of an irinotecan-based doublet chemotherapy regimen against advanced NSCLC is similar to that of a non-irinotecanbased doublet regimen, at least in Asian patients. Therefore we recommend IBC as first-line chemotherapy in Asian patients, especially for squamous cell lung carcinoma and the patients being not suitable for target therapy. Our results should be interpreted with caution because some trials in our meta-analysis used non-platinum regimens, while the gold standard for treating NSCLC is a platinum-based doublet regimen. Also, the ethnicity for irinotecan seems to be essential and a mixed investigated population may dilute the conclusions. Future metaanalyses should be conducted to compare platinum + irinotecan with platinum + other agents. Also,as EGFR mutant status related to the efficacy of chemotherapy and non-Asian patients have different mutant status with Asian patients, investigation of the activity of irinotecanbased regimens in EGFR mutant patients should also be urged.
